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METHOD, SYSTEM, AND COMPUTER 
PROGRAM PRODUCT FOR IMPLEMENTING 

INCREMENTAL PLACEMENT IN 
ELECTRONICS DESIGN 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This Application is related to US. application Ser. No. 
11/838,193, ?led on Aug. 13, 2007, entitled “METHODS, 
SYSTEMS, AND COMPUTER PROGRAM PRODUCTS 
FOR GRID-MORPHING TECHNIQUES IN PLACE 
MENT, FLOORPLANNING, AND LEGALIZATION,” 
Which is incorporated by reference in its entirety for all pur 
poses as if fully set forth herein. 

BACKGROUND 

Modern integrated circuit design has become an enor 
mously complex problem. Issues such as timing, manufac 
turability, noise and crosstalk have become substantial 
hurdles for many designs. With physical effects having 
increasing impact on the behavior of integrated circuits, it 
becomes clear that the idealiZed “top-doWn” design How has 
become impossible. For example, prediction of timing prior 
to placement has limited Worth, as the correlation betWeen 
such predictions and the post-placement timing has Weak 
ened. Thus, the incremental design paradigm has taken hold. 

In an incremental design How, emphasis is placed on itera 
tively performing analysis to determine problem areas, and 
re-executing parts of the design How to correct these prob 
lems as they are identi?ed. For instance, one might perform a 
placement, obtain some timing estimates, then insert buffers 
and re-do placement in order to improve timing. 

Moreover, When placing the components of an electronic 
circuit, such as some standard cells instances, as part of the 
placement process in an integrated circuit digital design How, 
a reiterative or incremental placement process is often used to 
analyZe and resolve timing and design issues. For example, 
CAD (Computer Aided Design) tools may perform a place 
ment, generate timing estimates, then insert buffers to 
improve timing. These tools are then re-run to perform 
another placement, timing analysis, and correction. In an 
incremental design How, this iterative process of placement, 
analysis, correction and re-placement continues until timing 
and design closure is reached. A primary concern in this 
incremental placement How is the minimiZation of perturba 
tion (disturbance) of the prior placement. Speci?cally, if a 
neW placement differs signi?cantly from the previous place 
ment, this difference can introduce additional timing prob 
lems, and the design How may not converge to a satisfactory 
solution. Therefore, the most stable and satisfactory results 
are obtained When a neW placement is produced that corrects 
timing problems and Which differs minimally from the prior 
placement. 

In the integrated circuit design literature, the search for an 
optimal or nearly optimal method, algorithm, or technique 
that creates neW placements With minimal disturbance of the 
prior placement is referred to as a search for legal placements 
With minimiZed perturbation. This is a dif?cult challenge and 
prior attempts to ?nd satisfactory incremental placement 
algorithms have had limited success. 

Existing approaches to obtain placement legaliZation With 
perturbation minimiZation sometimes use ?oW-based tech 
niques as a ?nal placement step or, in an incremental place 
ment ?oW, use simulated annealing, exhaustive search 
(branch-and-bound) and, more recently, diffusion-based 
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2 
placement techniques. One of the primary drawbacks of How 
based techniques is that these conventional ?oW-based tech 
niques lack the capability of predicting perturbation Which 
arises from cell movements. This lack of prediction in con 
ventional ?oW-based legaliZation techniques often leads to 
inferior quality of placement results. Another limitation of 
?oW-based methods is that they are applied once at a ?nal 
placement stage and do not satisfactorily predict the move 
ment of cells that Will result from adding and removing cells 
from a placement. 

Other existing approaches such as the simulated annealing, 
exhaustive search (branch-and-bound), and diffusion-based 
placement techniques are sloW and inef?cient (require more 
computer cycles) and do not result in neW legaliZed place 
ments that minimally disturb the prior placement. 

Another approach utiliZes the technique of netWork ?oW or 
greedy techniques. This approach tends to, hoWever, miss a 
lot of opportunity to reduce perturbation by making some 
What arbitrary decision at the How realiZation stage but not 
predicting such perturbation and are thus relatively in?exible. 
Another approach utiliZes local search based methods. This 
approach Wastes computational resources by examining 
many interesting possibilities. 

Another school of conventional approaches is to utiliZe the 
placement techniques using the clumping algorithm. HoW 
ever, the conventional clumping algorithm as used in the 
conventional placement techniques does not provide incre 
mental capabilities. Moreover, the conventional clumping 
algorithm approach is typically used as a touch-up ?nal phase 
for the legaliZation rather than some tool Which may be itera 
tively called and executed many times. 

Another approach to address the problems described above 
is to use the diffusion-based technique. These approaches are, 
hoWever, computationally expensive and inef?cient and thus 
may be prohibitively expensive for incremental placement, 
since in an incremental design How, incremental placement 
may be called and executed many times in an iterative fash 
ion. The diffusion-based technique is also in?exible in the 
sense that it is more dif?cult to tune. 

SUMMARY OF INVENTION 

As such, there exists a need for a method and system for 
implementing incremental placement of an electronic design 
Which derives a legal placement of the electronic design from 
a starting placement, Which may be illegal, by predicting and 
minimiZing the perturbation impact Which arises from move 
ments of components during the placement. The method and 
system in various embodiments of the invention identi?es an 
initial placement of an electronic design, computes the 
abstract ?oW, identi?es target locations of various electronic 
components to be placed, determines the relative ordering of 
electronic components, legaliZing the placement, and dis 
playing the placement result or storing the placement result in 
a tangible computer readable medium. 

BRIEF DESCRIPTION OF THE FIGURES 

The accompanying draWings are included to provide a 
further understanding of the invention and, together With the 
Detailed Description, serve to explain the principles of the 
invention. Moreover, the draWings illustrate the design and 
utility of various embodiments of the invention. It should be 
noted that the ?gures are not draWn to scale and that elements 
of similar structures or functions are represented by like ref 
erence numerals throughout the ?gures. In order to better 
appreciate hoW the above-recited and other advantages and 
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objects of various embodiments of the present inventions are 
obtained, a more particular description of various embodi 
ments of the present inventions brie?y described above Will 
be rendered by reference to speci?c embodiments thereof, 
Which are illustrated in the accompanying drawings. Under 
standing that these draWings depict only exemplary embodi 
ments of the invention and are not therefore to be considered 
limiting of its scope, various embodiments of the invention 
Will be described and explained With additional speci?city 
and details through the use of the accompanying draWings in 
Which: 

FIG. 1A illustrates the method or the system in several 
embodiments of the invention for implementing incremental 
placement While predicting and minimiZing perturbation for 
an electronic design in some embodiments of the invention. 

FIG. 1B illustrates further details of the action of legaliZing 
the incremental placement in some embodiments of the 
invention. 

FIG. 2 illustrates further details of the action of determin 
ing the abstract ?oW of the electronic design based upon the 
initial placement of the electronic design in some embodi 
ments of the invention. 

FIG. 3 illustrates further details of the action of determin 
ing abstract ?oW in some other embodiments of the invention. 

FIG. 4 illustrates further details about the action of identi 
fying a target position for each of the electronic component to 
be incrementally placed in the electronic design in some 
embodiments of the invention. 

FIG. 5 illustrates further details about the act of solving the 
objective function to determine new comer point locations 
and the act of morphing the grid tile and mapping the gates to 
neW locations based on new comer point locations and the 
application of the grid morphing technique in the context of 
incremental placement in some embodiments of the inven 
tion. 

FIG. 6 illustrates further details of the action of determin 
ing the relative ordering of the electronic components to be 
incrementally placed in the electronic design in some 
embodiments of the invention. 

FIG. 7 illustrates further details of the action of determin 
ing the relative ordering of the components or instances of the 
components of the electronic design in some embodiments of 
the invention. 

FIG. 8 illustrates further details of performing initial legal 
iZation based at least in part upon the relative ordering of the 
electronic components to be incrementally placed in the elec 
tronic design in some embodiments of the invention. 

FIG. 9 illustrates further details of the post-processing of 
the placement result in some embodiments of the invention. 

FIG. 10 illustrates further details about performing the 
initial legaliZation in some embodiments of the invention. 

FIG. 11 illustrates further details about performing the 
combinatorial re?nement on the incrementally placed elec 
tronic design in some embodiments of the invention. 

FIGS. 12A and 12B illustrate an example of the ?uid 
propagation model Where FIG. 12A illustrates the initial con 
dition, and FIG. 12B illustrates a result of the ?uid propaga 
tion model in some embodiments of the invention. 

FIG. 13A illustrates the placement of components before 
grid morphing in some embodiments of the invention. 

FIG. 13B illustrates the morphing of the grid and move 
ments of the components in some embodiments of the inven 
tion. 

FIG. 14 depicts a computeriZed system on Which a method 
for timing closure With concurrent process models can be 
implemented. 
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4 
DETAILED DESCRIPTION 

A detailed description of one or more examples is provided 
beloW along With accompanying ?gures. The detailed 
description is provided in connection With such examples, but 
is not limited to any such particular examples. Numerous 
speci?c details are set forth in the folloWing description in 
order to provide a thorough understanding of various embodi 
ments of the subject matters of the invention. These speci?c 
details are provided for illustrative purposes and the 
described techniques may be practiced according to the 
claims Without some or all of these speci?c details. For 
example, some embodiments described beloW refer to vari 
ous methods or systems for implementing the incremental 
placement of standard cells or instances of standard cells for 
illustrative purposes and thus do not intend to limit the appli 
cation of the present invention to placement of standard cells 
or of instances of standard cells and should not be limited as 
such. For the purpose of clarity, technical material that is 
knoWn in the technical ?elds related to the examples has not 
been described in detail to avoid unnecessarily obscuring the 
description. 

Various embodiments of the present invention are directed 
to a method, system, and computer program product for 
implementing incremental placement for an electronic design 
While predicting and minimiZing the perturbation impact aris 
ing from incremental placement of electronic components. 
The method and system in various embodiments of the inven 
tion identi?es an initial placement of an electronic design, 
computes the abstract ?oW, identi?es target locations of vari 
ous electronic components to be placed, determines the rela 
tive ordering of electronic components, legaliZing the place 
ment, and displaying the placement result or storing the 
placement result in a tangible computer readable medium. 
Summarily, in various embodiments of the invention, the 
method or the system starts With an initial placement of an 
electronic design and derives a legal placement by using the 
incremental placement technique While the perturbation 
impact or the total quadratic movement of instances is mini 
miZed. 

Various embodiments of the invention utiliZes an aug 
mented (or incremental) clumping technique based data 
structure for rapid and exact perturbation prediction of local 
incremental placement operations for the ?nal placement 
stage, While employing the netWork ?oW and grid morphing 
techniques for fast large scale migration of instances of elec 
tronic components to yield smooth global migration and ?nd 
ing good local discrete solutions at the same time. The 
method or the system, in some embodiments, uses the aug 
mented clumping algorithm based technique to describe a 
data structure Which may be built for all roWs of the instances, 
such as instances of standard cells, of the electronic design in 
a substantially simultaneous manner and alloWs for substan 
tially exactly estimating or predicting the effect of moving the 
instances betWeen roWs. 
The method or the system, in some embodiments of the 

invention, features unbounded lookahead or prediction along 
the roWs such that the insertion of a neW instance of electronic 
component may shift arbitrary many instances apart to make 
place for the neWly added one. Similarly, the method or the 
system, in some embodiments of the invention, uses the data 
structure to accommodate a number of existing instances 
moving closer to their desired locations due to the method or 
the system’s removal of one or more existing instances. 

Mathematical Formulation 

For clarity of exposition and ease of explanation, the math 
ematical formulation and foundation of a simpli?ed incre 
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mental placement task is presented below. Nonetheless, vari 
ous methods and systems presented beloW may be 
straightforwardly modi?ed to accommodate all the variations 
or exceptions Which may cause a different placement task to 
deviate from the mathematical formulation and foundation. 
Such modi?cations are knoWn to one skill in the art and Will 
not be exhaustively described or repeated herein. 

In some embodiments of the invention, the method or the 
system assumes that the placement area constitutes the dis 
joint union of uniform height horiZontal cell roWs and that the 
Width of each cell is a positive multiple of the common 
non-Zero site Width s. Additionally, the method or the system 
in some embodiments of the invention holds that each cell 
may be placed at any site of any of the roWs. The incremental 
placement task is mathematically formulated as folloWs: 
Given a set of pairWise disjoint axis-parallel rectangles 
R:{Ri:(ri,ri')><(li, li+h)|cl-,ci' eN,bl-eQ} (called roWs) and 
another set of axis-parallel rectangles of the same height h: 
C{Ci:(ci, cl.)><(bl., bi+h)|cl., cl.‘ eN, bieQ} (called cells), and a 
Weight 0<Wi€Q for each cell Ci. The task is to ?nd a transla 
tion vector t, tieNxQ for each cell I, such that the set of 
translated cells {tl-+Cl-|CieC} from a pairWise internally dis 
joint set of rectangles and each cell C, is contained in one of 
the roWs, that is: Elj: CieRj. To be minimized is the overall 
quadratic perturbation Which is the sum of the square of the 
Euclidean length of the translation vectors: i f(I):2Wl-| |ti| |22. To 
simplify notation, Without loss of generality, the common site 
Width is assumed to have the value 1. This task, even in the 
case of |R|:l is NP-complete. 

Moreover, as a matter of notation, note that blockages in 
the electronic design are handled by splitting the originally 
given cell roWs at blockage boundaries, and therefore the 
blockages need not be handled Within the roWs. This repro 
cessing can be performed Within the time in the order of 
O(B+|R|), Which is negligible, by common sWeepline tech 
niques, Where B denotes the number of blockages. Further 
more, the Width of a cell is cl-4O —cl-, and the preferred location 
of a cell is ci, as placement of the cell in this location mini 
miZes its contribution to the cost function. 

ILLUSTRATIVE EMBODIMENTS OF THE 
INVENTION 

Referring to FIG. 1A Which illustrates the method or the 
system in several embodiments of the invention for imple 
menting incremental placement While predicting and mini 
miZing perturbation for an electronic design. At 102, the 
method or the system in some embodiments of the invention 
identi?es an initial placement of an electronic design. In some 
embodiments of the invention, the initial placement may be a 
result of global placement. In some other embodiments of the 
invention, the initial placement may be a result of ?oorplan 
ning. At 104, the method or the system in some embodiments 
of the invention determines the abstract How of the electronic 
design based upon the initial placement of the electronic 
design. The term abstract ?oW refers to the general 
movement(s) betWeen regions determined as a result of the 
action at 1 04. More details about the action of determining the 
abstract How of the electronic design Will be described in 
subsequent section(s) of this application. 
At 106, the method or the system in some embodiments of 

the invention identi?es a target position for each of the elec 
tronic component to be incrementally placed in the electronic 
design. In some embodiments of the invention, the method or 
the system identi?es the target position for each of the elec 
tronic components by using the grid morphing technique that 
is described in full details in Us. patent application Ser. No. 
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6 
l l/ 838,193 Which is incorporated by reference in its entirety 
in this application. Some top level details of the grid mor 
phing technique Will be described in subsequent section(s) of 
this application. 

At 108, the method or the system in some embodiments of 
the invention determines a relative ordering of the electronic 
components to be incrementally placed in the electronic 
design. In some embodiments of the invention, the method or 
the system determines the relative ordering of the electronic 
components by using a process utiliZing the migration graph. 
More details of the action of determining the relative ordering 
of the electronic components by using a process Which uti 
liZes the migration graph Will be described in subsequent 
section(s) of this application. 
At 114, the method or the system in some embodiments of 

the invention legaliZes the incremental placement based in 
part upon die relative ordering of the electronic components 
previously determined at 108. More details about the legal 
iZation action at 114 Will be described in FIG. 1B and the 
immediately folloWing section(s). At 120, the method or the 
system in some embodiments of the invention displays a 
result of the incremental placement of the electronic design or 
stores the result of the incremental placement of the elec 
tronic design in a tangible computer readable medium for use 
at some subsequent electronic design stages. 

Referring to FIG. 1B Which illustrates further details of the 
action of legaliZing the incremental placement at 114. Start 
ing from action at 108, the method or the system in some 
embodiments of the invention may perform, at 116, initial 
legaliZation based in part upon the relative ordering of the 
electronic components to be incrementally placed in the elec 
tronic design previously determined at 108. Then the method 
or the system in some embodiments of the invention may 
perform, at 118, a combinatorial re?nement on the incremen 
tally placed electronic design based in part upon a result of the 
initial legaliZation at 116. More details about the actions of 
116 and 118 Will be described in more details in subsequent 
section(s) of this application. In the alternative, the method or 
the system in some embodiments of the invention may, start 
ing from action at 108, legaliZing the incremental placement 
by using the incremental clumping technique at 110. More 
details about the action at 110 Will be described in subsequent 
section(s) of this application. At 112, the method or the sys 
tem in some embodiments of the invention may optionally 
post-process the result of action 110. More details about 
post-processing Will be described in subsequent section(s) of 
this application. 

Referring to FIG. 2 Which illustrates further details of the 
action of determining the abstract How of the electronic 
design based upon the initial placement of the electronic 
design of 104. At 202, the method or the system in some 
embodiments of the invention ?rst subdivides the initial 
placement result of the electronic design into a plurality of 
regions. In some embodiments of the invention, the subdivi 
sion may be performed and the initial placement result may be 
subdivided in any manner. In subsequent section(s), the initial 
placement result is subdivided into a rectangular grid solely 
for the purpose of illustration and ease of explanation. Such a 
rectangular subdivision does not intend to limit the scope of 
the application, and the application shall not be so limited. In 
one embodiment of the invention, all regions have a height of 
tWo standard cell roWs and a Width of tWice the height Where 
the standard cells constitute the electronic components to be 
incrementally placed in the electronic design. 
At 204, the method or the system in some embodiments of 

the invention represents the result of the initial placement of 
the electronic design as a netWork ?oW model. In some 
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embodiments of the invention, the method or the system 
constructs a graph in Which each of the vertices corresponds 
to one of the plurality of regions obtained from 202. The 
method or the system further adds edges each of Which con 
nects tWo vertices Whose corresponding regions are adjacent 
to each other. 

At 206, the method or the system in some embodiments of 
the invention then identi?es a solution to the netWork ?oW 
model. In some embodiments of the invention, the method or 
the system identi?es the solution to the netWork ?oW model 
by solving the netWork ?oW model While satisfying a con 
straint that no region contains more cells than can ?t Within 
that region. In some embodiments, vertices Whose corre 
sponding regions contain components With total component 
area larger than the available area in the respective region are 
treated as “sources” for the ?oW. In one embodiment of the 
invention, the amount of the ?oW from the source is equal to 
the excess utiliZation of the region under consideration. In 
some other embodiments, vertices Whose corresponding 
regions contain components With total component area less 
than the available area of the components to be placed in the 
respective region are treated as “sinks” for the ?oW. In various 
embodiments of the invention, the netWork ?oW model yields 
a solution as to the magnitude of ?oW along the edges of the 
graph. 
At 208, the method or the system in some embodiments of 

the invention determines general movements of the compo 
nents to be incrementally placed in the electronic design 
While satisfying a constraint. In some embodiments of the 
invention, the method or the system determines the general 
movements of the components to be placed by using a ?uid 
propagation model to convert the solution to the network ?oW 
model to general movements of the components to be incre 
mentally placed. In some embodiments of the invention, the 
method or the system utiliZes the ?uid propagation mode and 
treats each region as a container of ?uid Where the amount of 
?uid in a container is proportional to the utiliZation or the 
density of the corresponding region. Moreover, some 
embodiments of the invention consider the ?uids to be distin 
guished by their originating container; that is, some embodi 
ments of the invention consider the ?uids to be immiscible. 
Furthermore, the method or the system in some embodiments 
of the invention push the ?uids along the edges of the graph 
previously determined in order to satisfy the solution to the 
netWork ?oW model, While minimiZing the maximum move 
ment. For example Where a container holds tWo ?uids of tWo 
different types, some embodiments of the invention push the 
?uid that moved the lesser amount according to the solution to 
the netWork ?oW model before pushing the ?uid that moved 
the more amount according to the same solution to the net 
Work ?oW model in Which the outer most rectangles, 11 02 and 
1104, represent the placement regions. FIGS. 12A and 12B 
illustrate an example of the ?uid propagation model Where 
FIG. 12A illustrates the initial condition, and FIG. 12B illus 
trates a result of the ?uid propagation model in Which the 
textured areas, such as 1110 and 1112, are distributed to their 
respective ?nal locations. The arroWs, 1106 and 1108, denote 
the movement vectors associated With respective sub -regions. 

In some embodiments of the invention, the resulting loca 
tions of ?uid from a given container generally correspond to 
the desired destination of the instances from the correspond 
ing region. That is, the center of mass of the liquid from a 
region can be used to derive a movement vector for that 
region. In some embodiments of the invention, components 
or instances of components Which partially overlap regions 
are alWays considered to fractionally contribute only the por 
tion of this overlap to the corresponding region because of the 
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abstract nature of the action at 1 04. Note that the movement(s) 
of individual components or instances of components have 
not been determined at this stage. 

Referring to FIG. 3 Which illustrates further details of the 
action at 104 in some other embodiments of the invention. At 
302, the method or the system in some embodiments of the 
invention subdivides the electronic design into a plurality of 
regions, in Which the design comprising a plurality of com 
ponents to be placed. At 304, the method or the system in 
some embodiments of the invention represents the electronic 
design as a netWork ?oW model by constructing a graph, in 
Which a vertex represents a region, and an edge represents a 
direction to move components in the region. At 306, the 
method or the system in some embodiments of the invention 
identi?es a solution to the netWork ?oW model by solving the 
netWork ?oW model. At 308, the method or the system in 
some embodiments of the invention determines general 
movement of a component of the electronic design While 
satisfying a constraint by converting the solution to the net 
Work ?oW model to the general movements of the compo 
nents. 

Referring to FIG. 4 Which illustrates further details about 
the action of identifying a target position for each of the 
electronic component to be incrementally placed in the elec 
tronic design of 106. At 402, the method or the system in some 
embodiments of the invention imposes a regular grid over the 
placement area. The grid may consist of regular rectangular 
cells With the sides parallel to the boundaries of the placement 
area. In the alternative, the grid may also consist of rectangu 
lar cells With the sides sitting at an angle With respect to the 
boundaries of the placement area. At 404, the method or the 
system in some embodiments of the invention identi?es a cell 
in the grid. At 406, the method or the system in some embodi 
ments of the invention identi?es or determines one or more 

objective functions for placement. One example of such 
objective function is to minimiZe the relative perturbation to 
the comer points While satisfying the area constraints for the 
cells. A mathematical representation of this type of objective 
function may be given as folloWs: 

minimizez mp5. p9) -d<p.-. m2 (1) 
(b?eE 

subject to A112 An Vn E N 

In the above mathematical representation of the objective 
function, A” denotes the target area of cell n, An‘ denotes the 
area of cell n computed after morphing the corner points pl 
and pj to locations pi‘ and pj'. d(pl-, pj) denotes the distances 
betWeen the points pl- and p], and d(pl-', pj') denotes the dis 
tances betWeen the points pi' and p]-' after one iteration of grid 
morphing. E denotes the set of edges in the grid connecting a 
pair of adjacent corner points. N denotes the set of cells. Note 
that the objective of this optimiZation is minimiZing the rela 
tive perturbation and therefore maximiZing the stability of the 
morphing. This optimiZation problem is convex With non 
convex constraints. 

Referring back to FIG. 4. At 408, the method or the system 
in some embodiments of the invention minimiZes the objec 
tive function to determine neW comer point locations after 
grid morphing. One Way of solving this problem is to apply a 
relaxation method such as a Lagrangian relaxation method to 
relax the constraints and then apply a numerical solver such as 
a sub-gradient method to solve for the dual variables, and 
obtain neW locations for the comer points, thus morphing the 
















